in three significant fields of vascular risk management (arterial hypertension, atherosclerosis, and aneurysms) and investigates whether the inventors have also published peer reviewed papers directly describing their claimed invention. Results: Out of only 48 patent documents that specifically addressed at least one of the abovementioned fields, 15 had immediate companion papers of which 13 were published earlier than the corresponding patent applications; the majority of these papers were published by noncorporate patentees. Although the majority of patent applications (30 documents) had at least one corporate assignee, 18 came from academic environments. As expected, medical devices dominated in the aneurysm segment while pharmacology dominated hypertension and atherosclerosis. Conclusion: Although information related to hypertension, atherosclerosis, or aneurysms that was claimed in international patent applications reached the public quicker through the corresponding peer review document if one was published, more than two-thirds of the patent applications had no such companion paper in a scientific journal. The patent literature, which is freely available online as full text, offers information to scientists and developers in the fields of vascular risk management that is not available from the peer reviewed literature.
Introduction
There is no shortage of published information in the field of vascular risk management. In mid-February 2011, a PubMed search with the stringent term combination "blood vessels" [MeSH Terms] AND "risk management" [MeSH Terms] returned 3,603 hits, of which 535 had been published in 2010 or later; 600 were freely available as full text. These figures probably capture the majority of the PubMed-listed papers which have some degree of focus on vascular risk management, although an exact assessment of indexing precision is impossible because there is no single "correct" way to index a biomedical paper. (The current indexing practice in PubMed is a combination of MeSH terms provided by authors and those assigned by experienced human indexers at the National Library of Medicine, with algorithmic assistance).
However, neither the scientific journals that are included in the PubMed database nor the peer reviewed academic literature as a whole constitute a full representation of the public biomedical knowledge. A vast amount of information is published in the form of patent applications which are not peer reviewed according to scientific criteria, but instead by a patent examiner. Moreover, the motivations for filing a patent application and for submitting a manuscript for publication in a scientific journal differ substantially: while a paper is intended to offer data that allow new insights, a patent application is filed based on the expectation that the invention claimed therein could have practical applications within the next few years. This endows the "patent information universe" with an application-driven perspective instead of a science-oriented one, and therefore the patent record can potentially offer a very different perspective on new developments.
The concepts of "novelty", "obviousness", and "inventive content" are of central importance in patenting but their meaning in the framework of intellectual property is quite different from the way academic research commonly interprets them; rather, these terms are applied in a strictly defined legalistic fashion. For example, combining a particular antihypertonic drug and a particular diuretic can have "novelty", even though members of the antihypertonic and diuretic drug classes have been combined for decades to treat hypertonia synergistically. The only proviso is that the particular combination being claimed as new has not been explicitly described prior to the filing date of the patent application (the priority date) in a fashion that makes it -in principle -accessible to the public, even if it has not been published in the academic sense. Even if the particular combination of drug species has been described earlier as being effective in treating hypertonia, a ratio between the compounds (or a dose) that is outside the previously described range can suffice for novelty. To carry the example further, "obviousness" is not defined by what a research cardiologist would view, but rather by what the "average knowledgeable person in the general field" (in this case, a pharmacologist with no research and development ambitions) could deduce by combining facts reported in the public "prior art" -without doing any experimental work.
On the other hand, any publicly available reference that predates the priority date of the patent application and describes the exact content of the claimed invention will negate novelty (and might create obviousness even if the description is not exact), and for this it does not have to appear in the academic or patent literature. For anybody who wants to have his or her work represented in both the academic and the intellectual property universe, it is essential to file the patent application before submitting the manuscript to a journal or making a congress presentation.
Using a comprehensive database of ophthalmological patent applications we have already reported case studies that demonstrate how patents can either anticipate the appearance of information in the peer review literature, or else can contain information that is never published in scientific journals. 1 However, no systematic investigation had been undertaken at this time concerning whether inventions claimed in patent applications are also reported in the peer review literature. Such analyses of paired papers and patents in medical sciences are extremely scarce, and have mainly focused on the suspected restrictive influence of patenting on the dissemination of scientific information. [2] [3] [4] The present paper reports a pilot study that analyzes the most recent international patent application record in three major fields of relevance for vascular risk management (arterial hypertension, atherosclerosis, and aneurysms), and relates this information to the peer review record as represented in the United States (US) National Library of Medicine's PubMed literature database.
Materials and methods
The World Intellectual Property Organization's PatentScope database 5 was searched for the keyword terms "hypertension", "atherosclerosis", and "aneurysm" using date delimiters July 1, 2010 and January 31, 2011 and ignoring patent classification codes. Retrieved intellectual property documents were examined for their actual specific content concerning the above subjects; documents that named these conditions without specifically dealing with the subject matter were discarded. For example, documents that actually claimed drugs for treating diabetes and addressed hypertension and/or atherosclerosis only as diabetic complications were omitted from consideration, as were documents claiming drugs for dyslipidemia that named atherosclerosis. Also, documents that referred only to new crystal forms or other minor physical modifications to known active agents were omitted, while documents claiming innovative new formulations were included.
For each identified patent document, PubMed was searched for papers published from the patent document priority date onward and naming at least one of the inventors as an author. If the patent content suggested MeSH terms or free-text keywords, an additional search was conducted based on these terms. PubMed hits were then examined based on their abstracts (and full texts if available) to identify "companion papers" to the respective patent documents. A peer review paper was considered a companion paper if it had at least one inventor as an author, and captured the scientific and/or technical essence of the patent document. (Note that a peer review paper with a content largely identical to that of a patent that were published prior to the patent's filing date would invalidate the patent, therefore extending the PubMed search to earlier periods was not considered meaningful).
Results
Tables 1-3 present the key data of the identified international patent applications, and relate them to their companion peer review papers.
Hypertension: Of the 26 documents identified, 19 came from 16 different companies while seven had been filed by universities, hospitals, or foundations. The great majority (21 documents) concerned themselves with pharmaceuticals, while the remaining five dealt with biomarkers, surgical methods, or model algorithms. Only seven patent applications had direct peer review equivalents.
Atherosclerosis: Only eight patent applications were identified, with an even distribution between public and private assignees; six concerned pharmacological treatments; four had companion papers.
Aneurysm: Fourteen international patent documents, also with assignees evenly distributed between the corporate and noncorporate domains, were published during the period covered by our investigation; four had peer review equivalents. With the exception of three submissions claiming diagnostics, all were concerned with repair and stabilization devices. Five documents focused on cerebral aneurysms.
In total, 15 out of 48 patent applications had companion papers and 30 had at least one corporate assignee. Of the 15 patent-paper pairs, nine were published by academic or foundation inventors while six came from corporate inventors.
A closer look at the publication dates revealed that in all but two of those cases where a companion peer review paper had been published, it had appeared in print earlier than the corresponding patent document. This became even more pronounced if electronic publications ahead of print were included in the consideration (data not shown). Therefore a strong dichotomy resulted: while for the majority of patents the information was not available in peer review format at all, those cases where the information was also published in peer review journals tended to reach the public earlier in their peer reviewed versions. In several cases the paper preceded the corresponding patent by a year or more.
Discussion
Patent documents are very different from scientific journal papers in terms of intent, semantics, pre-publication critique, and publishing policy. The primary purpose of submitting a manuscript to an academic journal is to communicate new scientific data and information concisely to a specialized audience of peers. At least two of these peers will anonymously review the manuscript and decide its fate according to the commonly accepted criteria of the scientific community.
In contrast, a patent is filed with the perspective of securing exclusivity of use with respect to future commercial applications and to strategically preserve the inventors' and assignees' competitive edge. The requirement for legally explicit statements frequently leads to the use of language that is considered repetitive, redundant, or outright trivial by the average scientist working in the respective field. Review is by a single, personally identified examiner who is not necessarily an expert in the particular field, and who conducts the review according to legally defined criteria without attempting an assessment of feasibility (such as, for example, whether a particular vascular repair device would make sense in clinical practice). Regardless of the result of this examination, every patent document is published within about 18 months of its filing date unless the submission is retracted.
Virtually every single one of these features of a patent document runs counter to what academic researchers in the life sciences or in medicine expect from a published paper. As a result, life scientists frequently ignore patents while researchers working in technical, engineering, or software development fields traditionally value them highly. This analysis of patenting versus peer-review publishing in three major fields of vascular risk management shows that disregarding published patent documents as a source of novel information can severely limit researchers' knowledge: 33 out of 48 documents had no direct equivalent in the peer review literature. Interestingly, this lack of matches was most pronounced in the field of hypertension which, as we had expected, had the most patent documents. However, there were a surprisingly low number of relevant patent documents identified overall so that conducting an actual comparative analysis for each field would not have been meaningful.
The analysis shows a dominance of corporate over academic and nonprofit organization assignees, however, the dominance is a relatively slight one (63%). The present investigation did not involve direct comparison with equivalent earlier periods, but analyses that are available for US patents show that allowing US universities to claim title to inventions that had been made with federal funding have dramatically increased academic representation in submit your manuscript | www.dovepress.com
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Patents and companion papers in vascular risk management patenting during the following two decades. 6 An analysis of the patenting and publishing data of 395 academic inventors from five major universities in Taiwan from 2002 to 2006 suggested that patenting might increase the number and quality of papers published by these inventors. 7 Although the absolute numbers are too low for actual statistics, the available data suggest that corporate inventors are less likely to publish their patented findings in scientific journals than nonprofit inventors. This was expected, since peer-review publishing is firmly rooted in academic culture while the standing of corporate scientists in the life sciences, or their companies, is not usually measured by such criteria. Patents are deemed far more important in this environment. If a 1987 analysis of 17 US pharmaceutical companies has demonstrated their patent data to represent an excellent indicator of overall corporate technological strength, 8 there is little reason to assume that this situation has changed fundamentally. In addition, most patents that claim incremental improvements over the prior art (eg, a new orally disintegrating tablet formulation for a particular compound, or a variation in the design of a vascular repair device) would not meet the criteria of "novelty" and "non-obviousness" that are commonly applied in academic peer review, even if the claimed improvements might be immediately applicable and useful. In this context, a lack of companion peer review papers does not indicate poor relevance of a patent.
A very limited number of investigations have been published that discuss selected aspects of patenting in the context of the vascular risk factors that are the subject of this investigation. [9] [10] [11] While these are important reviews that illustrate certain aspects, no analysis had been previously undertaken to relate such patenting activity with conjoined peer-review publishing.
This pilot study obviously has several limitations. First, since the latest patents included in this analysis were published only three weeks prior to the time of writing, more delayed peer review companion papers might be published as time progresses. However, the two post-patent peer review papers that this analysis did reveal appeared within a few weeks of the corresponding patent. Therefore it seems unlikely that many more true companion papers will be published for the patents listed in Tables 1-3 . The delays involved in PubMed indexing of some peer review journals, which can amount to several months, constitute a potentially more severe limitation of this analysis, which covers the most recent 7 months of patenting related to innovation in vascular risk management. Studies that extend over longer periods of patenting and publishing, or compare several periods, could eventually provide more insight.
The data that are available now allow the conclusion that international patent applications can offer valuable insights into new developments concerning vascular risk management which are not made available in academic peer-review publishing, at least not without a delay of many months which our limited study would not have consistently detected. This implies that systematic monitoring of the patent literature can potentially add a substantial amount of cutting edge information.
However, the obvious difficulty of the scientist having to negotiate the legalistic style and repetitive nature of patent jargon remains, as does the difficulty to identify relevant patents. While it has been argued that patent searching must become part of life science students' information literacy instruction, 12 a more pragmatic and encompassing approach could be algorithmically mapping patents to MeSH codes, 13 which would allow integrated searches that cover both PubMed and open access patent databases. Although algorithmic parsing of typical "patent jargon" into semantics that are familiar to research scientists is only a dimly perceived possibility at this time, 14 text analysis has been able for some years to effectively identify innovative patents and provide ranking and mapping. 15 For specialized applications such as the vascular risk management literature, expert systems might provide broadly deployable semi-automated solutions within the next few years. 
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